C hronic, severe mitral regurgitation, if not corrected in time, results in irreversible myocardial damage and dysfunction.'-3 The precise timing of mitral valve surgery is not well defined. 4 Several preoperative parameters of left ventricular function have been used to predict left ventricular performance after surgery. '5-7 Left ventricular ejection fraction has not proved to be a reliable index of ventricular dysfunction in the presence of severe mitral regurgitation.2 It may be normal despite advanced ventricular dysfunction, because in the presence of mitral regurgitation, the left ventricle empties into a low impedance left atrium. Some patients show unsatisfactory postoperative outcome despite a normal ejection fraction. Other parameters that have been investigated include left ventricular end-systolic volume and dimension, left ventricular end-diastolic volume and dimension, end-systolic wall stress, mean velocity of circumferential fiber shortening, and the ratio of end-systolic wall stress to end-systolic volume index.1"5-7 Most of these parameters are afterload dependent and are not indicative of early myocardial dysfunction in the presence of severe mitral regurgitation. Hatle although when technically inadequate, a carefully maximized long-axis view was used. The end-diastolic dimension, end-systolic dimension, diastolic thickness of the left ventricular posterior wall, and diastolic thickness of the ventricular septum were measured according to the recommendations of the American Society of Echocardiography.14 The systolic thickness of the posterior wall was measured during the maximum posterior motion of the interventricular septum.
The continuous wave Doppler mitral regurgitant signal was obtained from the left ventricular apex using a duplex or nonimaging transducer with a frequency of 2.0 MHz. A complete velocity envelope was obtained in all patients, and the recordings were made at a paper speed of 50, 75, or 100 mm/sec. None of the patients had oblique or eccentric mitral regurgitant jets that would have given rise to poorly delineated signal and erroneous estimate of left ventricular AP/At. Care was taken to align the continuous wave beam along the mitral regurgitant jet in patients with color flow studies. The method of measuring left ventricular AP/At is illustrated in Figure 1 . The time taken (At) in milliseconds for the mitral regurgitation velocity to increase from 1 to 3 516 Circulation Vol 82, No 2, August 1990 m/sec was carefully measured to the nearest 5 msec and averaged for three to five beats for patients in sinus rhythm and for seven to 10 beats for those in atrial fibrillation. With the simplified Bernoulli equation, the increase in velocity from 1 to 3 m/sec corresponds to an increase of the pressure gradient between the left ventricle and the left atrium from 4 to 36 mm Hg. Assuming that no significant change in the left atrial pressure occurs during the early preejection phase of systole, the Table 1 . Figure 2 shows examples of a high and a low AP/At from the mitral regurgitant signals of two representative patients. Table 2 summarizes the correlations between the preoperative and the postoperative ejection fractions for the whole group along with the regression coefficient, level of statistical significance, the value of the parameter derived from the regression equation predictive of postoperative an ejection fraction of 50%, sensitivity, specificity, positive predictive value, negative predictive value predictive of a postoperative ejection fraction of less than 50%, and the standard error of the estimate. The correlations between left ventricular AP/lAt and postoperative ejection fraction are depicted in Figure 3 . The left ventricular AP/At showed the best correlation (r=0.75) with postoperative ejection fraction compared with all the other parameters tested. The ratios of AP/At to enddiastolic volume and to end-diastolic dimension did not improve the correlation. As seen in Figure 3 , the correlation is not strictly linear, and it improved on using AP/At (r=0.79).
The variables of age, left ventricular end-diastolic pressure, end-diastolic volume/left ventricular mass ratio, end-systolic volume/left ventricular mass ratio, and end-diastolic dimension/posterior wall thickness did not yield a statistically significant correlation with the postoperative ejection fraction.
With multiple regression, the left ventricular AP/At and end-systolic dimension had an independent predictive value, and postoperative ejection fraction (EF) could be determined b the equation (r=0.86):
Postoperative EF=43+0.8 AP/At-0.53 ESD in millimeters. The addition of other preoperative variables irrespective of their level of significance by univariate analysis did not improve the predictive value of the model (see Table 2 ).
The means and standard deviations of some of the above parameters for the patients who had a postop- EF50, numerical value of the preoperative parameter predictive of a postoperative ejection fraction (EF) of 50%; +PV, positive predictive value; -PV, negative predictive value of postoperative EF <50%; SEE, standard error of estimate of the postoperative EF; ESWS, left ventricular (LV) end-systolic wall stress; ESWS/ESVI, LV ESWS to end-systolic volume index ratio; LVM, LV mass; EDD, LV end-diastolic dimension; EDV, end-diastolic volume; EDVI, LV end-diastolic volume index; ESD, LV end-systolic dimension; ESV, LV end-systolic volume; ESVI, LV end-systolic volume index; FS:pre, LV preoperative fractional shortening; EF:pre, LV preoperative ejection fraction; WTS, systolic thickness of LV posterior wall; MSWS, LV mean systolic wall stress; LA, left atrial diameter. preload, also showed a negative correlation with postoperative ejection fraction. A larger left atrium indicative of higher preload before operation was associated with a lower postoperative ejection fraction. This correlation is the inverse of that noted with left ventricular AP/At. A major shortcoming of this study is a short follow-up period of a mean of 6.5 weeks for postoperative evaluation. The routine postoperative evaluation was performed either just before hospital discharge or during early postoperative follow-up. A possible late continued improvement in ejection fraction cannot be assessed in the present study. However, the correlates examined do permit evaluation of influence of surgical correction of mitral regurgitation on early and intermediate functional recovery. Conclusions based on these results can only be considered preliminary until the correlations are extended to late postoperative outcome. An additional drawback of the study is that the ejection fraction was calculated by the M-mode method in the postoperative state, where interventricular septum motion is frequently abnormal. However, it correlated well with that derived by the two-dimensional planimetered method in patients in whom the latter method was technically possible.
Conclusions
On the basis of this preliminary study, a new noninvasive parameter of left ventricular function, namely left ventricular AP/At derived from Doppler signal of mitral regurgitation, correlates with postoperative ejection fraction after surgical correction of mitral regurgitation. Furthermore, a predictive assessment of postoperative ejection fraction can be made with the square root of left ventricular AP/At and end-systolic dimension. A correlation with late clinical and functional recovery needs to be assessed to determine further usefulness of this parameter.
